Abstract-A large number of servers are interconnected using a specific datacenter network to deliver the infrastructure as a service 6 (IaaS). Multicast can jointly utilize the network resources and further reduce the consumption of network bandwidth more than 7 individual unicast. The source of a multicast service, however, does not need to be in a specific location as long as certain constraints 8 are satisfied. This means the multicast can have uncertain sources, which could reduce the network resource consumption more than 9 a traditional multicast service and further improve the quality of service. In this paper, we propose a novel reliable multicast service with 10 uncertain sources named ReMUS. The goal is to minimize the sum of the transfer cost and the recovery cost, although finding such 11 a ReMUS is very challenging. Thus, we design a source-based multicast method to solve this problem by exploiting the flexibility of 12 sources when no recovery nodes exist in the network. Furthermore, we design a general multicast method to jointly exploit the benefits 13 of uncertain sources and recovery nodes to minimize the total cost of ReMUS. The challenge of ReMUS stems from the selection of 97 source nodes and recovery nodes and their impacts on rout-98 ing cost. Thus, we propose two efficient methods to approx-99 imate the optimal solution under two general scenarios. 
100
If no recovery nodes exist in the network, the source-based 101 multicast method constructs the desired transfer forest, 102 where all sources in the forest act as the recovery proxies. 2) We design the source-based reliable multicast method, 122 which can minimize the total cost of ReMUS when no 123 recovery nodes exist in the network. 124 3) We further design a general recovery model for the 125 ReMUS problem and propose the recovery node-126 based multicast method, which jointly exploits both 127 recovery nodes and uncertain sources in networks. In this section, we first introduce the background and prelimi- 144 naries. After that, we describe the problem of ReMUS, and 145 then formally characterize the ReMUS as an NLP problem 146 and discuss its hardness. 147 
Background and Preliminaries

148
We introduce some background and preliminaries about the 149 reliable multicast and the multicast with uncertain sources. 150 
Reliable Multicast
151
The problem of reliable unicast data delivery is well under- D&V and a potential source set S&V , an uncertain multicast 218 means to build a multicast forest F to deliver the same content to 219 all destinations in the set D from partial even all sources in the set 220 S. A constraint of the multicast forest F is that each destination 221 just reaches to one and only one source in set S.
222
As shown in Fig. 1c Fig. 1c forest. The retransfer probability from s to d is calculated in 341 Equation (1) , which is equal to the probability of the packet 342 loss on at least one link in the path.
In this case, the recovery cost of destination d is given by 346 Equation (2) . and b rðdÞ i ;rðdÞ iþ1 in Equation (3) are derived as Equation (1) 390 and node rðdÞ jRðdÞjþ1 is used to denote destination d.
391
The recovery cost of a destination is the total recovery calculated in Formula (4). The Constraint of Multicast. Inequality (6) ensures that all 491 links in the resultant multicast forest F come from the link 492 set E. Constraints (7), (8) and (9) bring the recovery cost during the recovery process.
626
In Fig. 2a , source s will retransfer lost packets to destination 
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708 added total cost instead of the path that has the minimum 709 total cost for each destination. 
PERFORMANCE EVALUATION
848
In this section, we first introduce the experimental setting. cost and total cost of the three methods given that a ¼ 1.
Experiment Setting
911
In Fig. 4a , the recovery cost increases with the increase of b.
912
Comparing these costs of our RN-based method, SR-based 
